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1 Introduction
In this contribution we provide our views on multi-TRP/multi-panel operation.
2 PDSCH scheduling restriction/indication (multi-DCI)
	The following was agreed in RAN1#96 w.r.t. multi-DCI multi-TRP PDSCH scheduling restriction/indication:

Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement

For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]

· FFS any restrictions/modification of supporting scheme 3/4 for FR2

· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)




2.1 PDSCH Mapping Types
Mapping Type A + Type A

It has been agreed that a UE does not expect different DM-RS configurations with respect to the actual number of FL, additional DMRS and actual symbol locations for NC-JT. This allows mapping Type A + Type A to be handled with small impact on channel estimation. Furthermore, since the CORESET containing the scheduling DCI is contained within the first three symbols of the slot, the impact to UE processing time due to CORESET overlapping with PDSCH can be avoided. 

Mapping Type B + Type A/B

When PDSCH with mapping Type B is considered as one of the co-scheduled PDSCHs, a number of implications follow:

· Firstly, even for the case of perfectly overlapped resource allocation with aligned DM-RS locations, the impact to UE processing time needs to be taken into account since the overlap of the CORESET containing the scheduling DCI with the scheduled PDSCH may not be the same for the two NC-JT PDSCHs. Therefore the processing time might need to be relaxed based on the location of the CORESET containing the scheduling DCI.  

· Furthermore, for Type B when DM-RS collides with reserved resource for CORESET, the DM-RS is dynamically shifted to the first symbol after the end of CORESET resources. In this case, unless tight coordination between co-scheduled PDSCHs is achieved such that CORESET reserved resources also overlap properly, scheduling is restricted based on the agreement of actual DM-RS symbol location alignment.

Proposal-1: Mapping Type A + Type A NC-JT can be achieved with minimal UE impact and specification impact and could be considered as the baseline approach.
2.2 UE processing time

In Rel-15 NR, for the UE to provide a valid HARQ-ACK message, the first uplink PUCCH symbol carrying the HARQ-ACK information as defined by the HARQ-ACK timing
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after the end of the last symbol of the PDSCH carrying the TB being acknowledged. The variables 
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are defined in [2]
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[4]. 

For the case of NC-JT PDSCH reception from multiple TRPs scheduled by their corresponding PDCCHs (multi-DCI), the impact of such reception and processing should be accounted for by introducing further relaxations to the UE PDSCH processing time when required. To this end, to generalize the processing time relaxation, the following additional time budget can be added to the PDSCH processing time 
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where, the value of the additional relaxation 
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can be determined based on the PDSCH mapping type, duration of PDSCH, the amount of overlap with other PDSCHs and the overlap between PDSCH and scheduling PDCCH in the case of Mapping Type B. 

Proposal-2: Consider PDSCH processing time relaxation when there is partial overlap between PDSCHs or when there is different overlap between scheduling PDCCH and PDSCH between different NC-JT PDSCH being received by a UE. 

2.3 Alignment of PRG-level grid 
In order to minimize impact to channel estimation mechanism within a slot, it is beneficial to align PRG boundary between the two NC-JT PDSCHs assigned in the same slot. We also note that wideband precoding assumption depends on the contiguity of resource allocation and the length (at least 50% BWP) which may limit the usage of such assumption with non-ideal backhaul.
Proposal-3: Consider PRG grid alignment for NC-JT PDSCHs scheduled in the same slot in order to minimize impact to existing channel and interference estimation implementation
3 PDSCH rate-matching (multi-DCI)
	Issue
	Discussion

	RateMatchPattern
	According to Rel-15, rateMatchPatternGroup1 and rateMatchPatternGroup2 can be configured and DCI indication can be used to dynamically indicate rateMatchPatternGroup1 or rateMatchPatternGroup2 or both for the purposes of PDSCH rate-matching. Our proposal is to maintain Rel-15 behaviour for both non-overlapping and full/partially overlapping PDSCHs. In other words, PDSCH scheduled from different TRPs may have different rate-matching behaviour with respect to RateMatchPattern. 
Proposal-4 (RateMatchPattern): No change to Rel-15 behaviour. Scheduled PDSCH follows rate match indicator (2 bits) from the scheduling DCI/TRP for non-overlapping, full or partially overlapping PDSCH 

	SP/P NZP CSI-RS
	SP/P NZP CSI-RS is configured and this information can be expected to be coordinated across the TRPs for non-ideal backhaul. It is expected that PDSCH rate-matching is performed around configured SP/P NZP CSI-RS irrespective of the scheduling DCI/TRP.
Proposal-5 (SP/P NZP CSI-RS): No change to Rel-15 behaviour. Scheduled PDSCH from both TRPs is rate-matched around SP/P NZP CSI-RS (for non-overlapping, full or partially overlapping PDSCH)  

	SP/P ZP CSI-RS
	One purpose of SP/P ZP CSI-RS is to allow measurement of interference from other cells by a UE. In order to maintain this functionality, SP/P ZP CSI-RS should be treated as a TRP or cell specific resource. In this sense, UE behavior can be similar to that of RateMatchPattern. However RateMatchPattern is not RE specific and therefore inefficient in handling ZP CSI-RS. 
Proposal-6 (SP/P ZP CSI-RS): Scheduled PDSCH from TRP-0/TRP-1 is rate matched around SP/P ZP CSI-RS from TRP-0/TRP-1 respectively. This can be achieved by associating a SP/P ZP CSI-RS to a CORESET group-id. 

	lte-CRS-ToMatchAround
	Proposal-7 (lte-CRS-ToMatchAround): Consider configuration of two sets of RateMatchPatternLTE-CRS in order to allow multi-DCI operation to co-exist with two LTE cells. 
In order to allow legacy LTE UEs to measure other-cell interference on CRS REs, it is beneficial to treat LTE-CRS as a TRP/cell specific resource. This can be achieved by rate-matching PDSCH scheduled by TRP-0/TRP-1 around CRS transmitted from TRP-0/TRP-1. 
Proposal-8 (lte-CRS-ToMatchAround): Scheduled PDSCH from TRP-0/TRP-1 is rate matched around RateMatchPatternLTE-CRS from TRP-0/TRP-1 respectively. This can be achieved by associating a RateMatchPatternLTE-CRS to a CORESET group-id.   

	CORESET
	CORESET configuration from TRP-0/TRP-1 is semi-static (via RRC) and this information can be expected to be coordinated across the TRPs for non-ideal backhaul. It is expected that PDSCH rate-matching is performed around configured CORESETs irrespective of the scheduling DCI/TRP. 
Proposal-9 (CORESET): No change to Rel-15 behavior. Scheduled PDSCH from both TRPs is rate-matched around configured CORESETs (for non-overlapping, full or partially overlapping PDSCH) – this can be achieved by RateMatchPattern

	SSB
	Proposal-10 (SSB): No change to Rel-15 behavior. SSBs from the other cell is considered by RateMatchPattern configuration

	Pre-emption
	Current specification allows monitoring of multiple group-common search spaces within CORESETs configured with different TCI states, monitoring of pre-emption indication from TRP-0 and TRP-1 is already supported. 

Proposal-11 (Pre-emption): No change to Rel-15 behavior. A UE is expected to apply a detected pre-emption indication to all transmissions except SSB.

	AP ZP CSI-RS
	Proposal-12 (AP ZP CSI-RS): No change to Rel-15 behaviour. Scheduled PDSCH from TRP-0/TRP-1 is rate matched around AP ZP CSI-RS from TRP-0/TRP-1 respectively by following the ZP CSI-RS trigger DCI field in the scheduling DCI.

	AP NZP CSI-RS
	Proposal-13 (AP NZP CSI-RS): A UE is not expected to receive a AP NZP CSI-RS that is overlapping with a PDSCH. This may be achieved by no specification impact.


4 DMRS antenna port indication (single DCI)

	The following was agreed w.r.t. single DCI multi-TRP DMRS antenna port indication:
Agreement (RAN1 #AH1901)
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement (RAN1#96)
For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
FFS whether increasing the number of bits of TCI field in DCI
Agreement (RAN1#96bis) 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced




For the case of single-DCI multi-TRP reception at the UE, based on the agreement above, it is assumed that when two TCI states will be configured to a TCI code-point which is activated by DCI, each code-point corresponds to one CDM group at least for Type 1 DMRS. 

If DMRS Type 2 is used and 3 CDM Groups are supported, an implicit rule for mapping TCI states to CDM groups can be used where the first 2 CDM groups can map to the first TCI state and the third CDM group can map to the second TCI state. 

Assuming the mapping of TCI states to CDM groups for DMRS Type 1 and Type 2 can be determined, there are some design options to be considered for DMRS antenna port indication for cases when the two TRPs, each associated with a TCI state, transmit with asymmetric ranks. 

For example assume Type 1 DMRS and that TRP1 (corresponding to the first TCI state in the activated TCI code point) transmits with rank 1 whereas TRP 2 transmits with rank2. In this case, the DMRS antenna port indication table will need to contain an entry corresponding to 1 port in one CDM group and 2 ports in another CDM group. Let this entry for example be ports 0,1,2 where 0,1 belongs to CDM group 1 (assigned to TRP 2 and TCI 2) and 2 belongs to CDM group 2 (assigned to TRP 1 and TCI state 1 in the code point). Now, assuming that TRP 1 transmits rank 2 and TRP 2 transmits rank 1, in this case, there are two options:

a. Add an additional entry to the DMRS table 0,2,3 such that CDM group 1 has one port and CDM group 2 has two ports and the DCI uses this entry for indication without any change to TCI configuration
b. Change the TCI code point such that CDM group 1 is now associated with TRP1 and CDM Group 2 is now associate with TRP 2
In the first approach, there is a need for additional entries in the DMRS antenna port indication table to cover asymmetric rank transmissions from multiple TRPs thereby increasing the potential DCI overhead of the current tables or for new tables, if such an approach is followed.  For the second approach, the DMRS tables may be simpler since only single cases of asymmetric rank transmissions need to be included but the drawback could be a potential increase in the TCI indication bit-width to more than 3 bits. In order to provide good trade-off between flexibility and overhead, approaches which assume a middle ground between the above options can be considered wherein, the asymmetric entries for cases when the rank disparity is low can be used while the double entries where rank disparity between the two TRPs is high can be avoided. 

In the following tables, additional entries to handle cases of multi-TRP transmissions is provided for different DMRS configurations. These entries (or a subset of the entries) can be further considered for constructing new DMRS tables or being added to the current Rel-15 DMRS indication tables specified in [3]. If new tables are required for antenna port indication, the following entries along with entries from the corresponding tables in [3] should be considered together.

Table 1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled

	Tx Rank

(CDM1, CDM2)
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	(1,2)
	2
	0,2,3


Table 2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

Codeword 1 enabled

	Tx Rank

(CDM1, CDM2)
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Tx Rank

(CDM1, CDM2)
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	(1,2)
	2
	0,2,3
	1
	(2,3)
	2
	0,1,2,3,6
	2

	(3,1)
	2
	0,1,2,4
	2
	(4,1)
	2
	0,1,2,4,5
	2

	(1,3)
	2
	0,2,3,6
	2
	(1,4)
	2
	0,2,3,6,7
	2

	
	
	
	
	(4,2)
	2
	0,1,2,3,4,5
	2

	
	
	
	
	(2,4)
	2
	0,1,2,3,6,7
	2

	
	
	
	
	(3,4)
	2
	0,1,2,3,4,6,7
	2


Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,

Codeword 1 enabled

	Tx Rank

(CDM1, CDM2, CDM3)
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Tx Rank

(CDM1, CDM2, CDM3)
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	(1,0,1)
	2
	0,4
	(2,1,2)
	3
	0,1,2,4,5

	(0,1,1)
	2
	2,4
	
	
	

	(2,0,1)
	2
	0,1,4
	
	
	

	(1,1,1)
	3
	0,2,4
	
	
	

	(1,0,2)
	2
	0,4,5
	
	
	

	(2,0,2)
	2
	0,1,4,5
	
	
	

	(1,1,2)
	3
	0,2,4,5
	
	
	

	(2,1,1)
	3
	0,1,2,4
	
	
	


Table 4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2

	One codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

Codeword 1 enabled

	Tx Rank

(CDM1, CDM2, CDM3)
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Tx Rank

(CDM1, CDM2, CDM3)
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	(1,0,1)
	2
	0,4
	1
	(2,1,2)
	3
	0,1,2,4,5
	1

	(2,0,1)
	2
	0,1,4
	1
	(3,0,2)
	2
	0,1,4,5,6
	2

	(1,0,2)
	2
	0,4,5
	1
	(2,0,3)
	2
	0,1,4,5,10
	2

	(2,0,2)
	2
	0,1,4,5
	1
	(1,1,3)
	3
	0,2,4,5,10
	2

	(1,1,2)
	3
	0,2,4,5
	1
	(4,0,1)
	2
	0,1,4,6,7
	2

	(2,1,1)
	3
	0,1,2,4
	1
	(1,0,4)
	2
	0,4,5,10,11
	2

	
	
	
	
	(2,0,4)
	2
	0,1,4,5,10,11
	2

	
	
	
	
	(1,1,4)
	3
	0,2,4,5,10,11
	2

	
	
	
	
	(4,0,2)
	2
	0,1,4,5,6,7
	2

	
	
	
	
	(3,0,3)
	2
	0,1,4,5,6,10
	2

	
	
	
	
	(2,1,3)
	3
	0,1,2,4,5,10
	2

	
	
	
	
	(3,2,2)
	3
	0-6
	2

	
	
	
	
	(2,2,3)
	3
	0,1,2,3,4,5,10
	2

	
	
	
	
	(4,0,3)
	2
	0,1,4,5, 6,7,10
	2

	
	
	
	
	(3,3,1)
	3
	0,1,2,3,4,6,8
	2

	
	
	
	
	(2,2,4)
	3
	0,1,2,3,4,5,10,11
	2

	
	
	
	
	(4,0,4)
	2
	0,1,4,5,6,7,10,11
	2

	
	
	
	
	(3,2,3)
	3
	0,1,2,3,4,5,6,10
	2

	
	
	
	
	(3,3,2)
	3
	0,1,2,3,4,5,6,8
	2

	
	
	
	
	(4,3,1)
	3
	0,1,2,3,4,6,7,8
	2


Proposal-14: For case of Type 2 DMRS and two activated TCI states, if 3 CDM groups are supported, consider an implicit mapping rule between the TCI states and the CDM groups e.g., the first and second CDM group correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state.

Proposal-15: For DMRS antenna port indication, consider the entries in Tables 1-4 in addition to the Rel-15 DMRS antenna port indication tables for single-DCI multi-TRP reception.
5 UCI feedback (multi-DCI)
	The following were agreed in RAN1#96bis:
Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement

For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 

· PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 




5.1 Release-15 baseline
In this section we analyse the case of separate ACK/NACK payload/feedback for received PDSCHs from multiple DCIs and where PUCCH resources conveying ACK/NACK feedback is TDM with separated HARQ-ACK codebook as supported in Rel-15. This is shown in the following figure:
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Figure 1: Rel-15 PUCCH multiplexing ability within a slot from UE perspective where a short PUCCH is multiplexed with either a long or a short PUCCH.

Note that the multiplexing options shown in Figure 1 allow TDM of PUCCH targeting TRP-1 and TRP-2 within a slot. 
In terms of use-cases, we note that multi-DCI transmission is applicable to both non-ideal and ideal backhaul scenarios. An example of an ideal-backhaul scenario is in FR2 with multi-panel gNB where multiple PDSCH targeted to the same UE may be transmitted in different beam directions. 
5.2 HARQ-ACK codebook

It is already agreed that CORESETs can be used for TRP differentiation. Following this, a natural way to proceed is to associate a group of CORESETs across CCs with a TRP. This CORESET grouping can be done in a semi-static manner using RRC or MAC-CE signalling. We note that multi-DCI transmission is a layer-1 procedure that can be hidden from L3 – with this in mind and also avoiding RRC reconfiguration, MAC-CE signalling seems to be a suitable option for associating CORESETs with TRPs. 

Once CORESETs are associated with TRPs, an HARQ-ACK codebook (per TRP) can be constructed considering PDSCH transmissions from the same TRP based on existing Rel-15 procedure as shown in the following figure. Two TRP support (considering multiple CCs associated with a PUCCH group) can be considered sufficient from the point of view of HARQ-ACK codebook construction. In other words, a total of two sets of HARQ-ACK codebooks can be considered corresponding to 2 TRPs. Both semi-static and dynamic HARQ-ACK codebook constructions can follow the same principle. 
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Figure 2: Shows the principle of HARQ-ACK codebook generation for multi-DCI operation. A group of PDSCH associated with a first group of CORESETs is considered for a first HARQ-ACK codebook and a group of PDSCH associated with a second group of CORESETs is considered for a second HARQ-ACK codebook.
Proposal-16: Introduce signalling to group CORESETs across CCs into two groups. Signalling could be per CC and using MAC-CE
5.3 PUCCH resource configuration and grouping
Before discussing resource allocation and indication for TRP-1/TRP-2, the following fields in PUCCH-Config related to resource allocation is considered for discussion:
pucch-PowerControl: Separate UE specific power control parameters for TRP-1 and TRP-2 considering that the different TRPs may be associated with different cell size, load, etc. is an issue that is also considered in beam-management AI in the context of multi-panel UEs. Therefore introduction of separate pucch-PowerControl parameters have some dependency.
PUCCH-FormatConfig, dl-DataToUL-ACK: This IE and field may be common for both TRP-1 and TRP-2 unless a specific motivation is found for allowing TRP specific configuration. We also note that if PUCCH-FormatConfig field values are configured in a TRP specific fashion, new UE behaviour would be needed in case PUCCH targeting TRP-1 and TRP-2 occur in the same slot.
PUCCH-SpatialRelationInfo: No change from Rel-15 is required, a PUCCH-SpatialRelationInfo can be indicated for each PUCCH resource. Some resources can be associated with TRP-1 while others associated with TRP-2.
Considering the above (similar to the downlink) a single PUCCH-Config is sufficient for PUCCH resource configuration with the possibility of defining multiple pucch-PowerControl fields left for further discussion.

Proposal-17: Consider (similar to the downlink) a single PUCCH-Config for PUCCH resource configuration

PUCCH resource grouping: PUCCH resources assigned to a UE can be grouped into two groups as shown in Figure 3. These two PUCCH resource groups can be semi-statically associated with the two CORESET groups. This can be beneficial if multiplexing rules are defined for UCI targeting the same TRP or dropping rules are defined for PUCCH resource collision targeting TRP-1 and TRP-2. This allows the NW scheduler more flexibility.

In Figure 4, we show that for a subset of UL slots the scheduling can be restricted such that PUCCH resources targeting both TRPs are not scheduled, thereby enabling the usage of 14 symbol PUCCH to maximize coverage. In a certain subset of UL slots, scheduling is unrestricted and PUCCH resources targeting both TRPs may be scheduled (in the same slot). Therefore it is beneficial to have both short and long PUCCH resources in both PUCCH resource groups. 
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Figure 3: PUCCH resource grouping where each group is dedicated to a TRP. A subset of PUCCH resources in group-0 is TDM with a subset of PUCCH resources in group-1.
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Figure 4: In a subset of UL slots scheduling can be restricted such that PUCCH resources targeting both TRPs are not scheduled thereby maximizing coverage.
Proposal-18: Consider PUCCH resource grouping where a subset of PUCCH resources from each group are TDM. Consider MAC-CE for explicit PUCCH resource grouping signalling.
Proposal-19: Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.

5.4 UCI multiplexing

UCI multiplexing in Rel-15 follows the following steps:
Step0: CSI multiplexing on PUCCH: According to Rel-15 behaviour, when UE is not configured with multi-CSI-PUCCH-ResourceList, it selects a maximum of two non-overlapping PUCCH resources for CSI reports with the highest priority with at least one short PUCCH selected. This is shown in the following: 
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Figure 5: Rel-15 UE behaviour for CSI multiplexing on PUCCH when multi-CSI-PUCCH-ResourceList is not configured (priority: CSI2 > CSI1, CSI3> CSI4)
The UE behaviour is identical when all PUCCH resources are non-overlapping. In the case of overlapping PUCCH resources and when UE is configured with multi-CSI-PUCCH-ResourceList, a UE multiplexes all CSI reports in up to two non-overlapping PUCCH resources in a slot (assuming that two non-overlapping PUCCH resources are configured by multi-CSI-PUCCH-ResourceList corresponding to two TRPs).
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Figure 6: Rel-15 UE behaviour for CSI multiplexing on PUCCH when multi-CSI-PUCCH-ResourceList is configured
It can be observed that Rel-15 UE behaviour can be retained for CSI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2 (including multi-CSI-PUCCH-ResourceList). If this cannot be ensured by the NW then dropping rules should be specified. Dropping rules could consider multi-CSI-PUCCH-ResourceList configuration, CSI priority. Dropping rules may be conditional as dropping may not be applicable if ideal-backhaul is considered.
Step 1: HARQ-ACK/SR/CSI multiplexing on PUCCH: According to Rel-15 UE behaviour, a UE follows an iterative algorithm for multiplexing UCI if a set of timeline conditions are satisfied resulting in up to two non-overlapping PUCCH resources as shown in the following: 
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Figure 7: Rel-15 UE behaviour for HARQ-ACK/SR/CSI multiplexing on PUCCH based on iterative mechanism
As in the case of CSI, we have a similar observation here - Rel-15 UE behaviour can be retained for UCI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2. If this cannot be ensured by the NW then dropping rules should be specified that could consider timeline, duration etc. of PUCCH.
Step 2: HARQ-ACK/SR/CSI multiplexing on PUCCH/PUSCH: In general for PUSCH transmission, we believe NW should ensure that PUSCH for TRP-1 and TRP-2 are scheduled in a non-overlapping manner and no dropping rules are required. 
In terms of UCI multiplexing on PUSCH, according to Rel-15, if a resulting non-overlapping PUCCH from Step 1 overlaps with one or more PUSCHs and a set of conditions including timeline are satisfied, UCI is multiplexed on an overlapping PUSCH. This is shown in the following figure where the non-overlapping PUCCHs can be assumed to be the output of Step 1. We can observe that if a PUCCH for TRP-1 overlaps with a PUSCH for TRP-2, then certain specification changes are required to preclude UCI multiplexing on PUSCH in such case. If however, the NW ensures that PUCCH resources for TRP-1 is non-overlapping with PUSCH for TRP-2, no specification changes are required to enable UCI multiplexing on PUSCH.
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Figure 8: Shows that TDM of PUSCH targeted to TRP-1 and TRP-2 is not sufficient to ensure proper UCI multiplexing on PUSCH. It is also necessary to ensure that PUSCH targeting TRP-1 does not overlap with PUCCH targeting TRP-2 and vice-versa
Proposal-20: For UCI multiplexing introduce the following scheduling restrictions:
· If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.
· If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed
6 PDSCH enhancements for reliability (single DCI)
	Conclusion of email discussion post RAN1#96bis
· The number of PRBs: 8, 40
· Target coding rates:  

· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3

· Above target coding rate is for scheme 2a for layer 1 transmission. 

· Each CW in scheme 2b have twice the target coding rate.

· Number of Tx/Rx ports: 

· To be reported by proponent company

· The number of layers: 

· 1 or 2 layers

· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 

· LLS models: 

· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 

· DMRS configuration: 

· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company

· UE speed: 

· 3km/h

· Inter-TRP frequency(time) offsets:

· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 

· Baseline scheme: 

· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 


6.1 LLS evaluations
In this section we show LLS performance evaluations for schemes 2a, 2b and SFN-CDD based on the agreed evaluation framework. We assume that a UE can receive transmission from multi-TRP on the same OFDM symbol. This applies to FR1 and also applies to simultaneously active multi-panel UEs in FR2.
As a basis of fair comparison, we assume the same time-frequency resource for all schemes. The simulation assumptions are provided in Table 1, Table 2 and Table 3.

Table 1: Scheme specific LLS assumptions
	
	Scheme 2a
	Scheme 2b 
	SFN-CDD

	Multiplexing
	FDM
	FDM
	SFN

	# CW
	1
	2
	1

	RV
	RV0
	RV0, RV2
	RV0

	TBS
	S
	S
	S

	Code-rate
	R (rank-1), 2R (rank-2)
	2R (rank-1)
	R (rank-1)


Table 2: Resource allocation, TBS (S) and R

	Resource allocation
	TBS (S)
	R

	8 PRB, 11 OS+DMRS
	256
	0.12

	8 PRB, 11 OS+DMRS
	928
	0.44

	40 PRB, 5 OS+DMRS
	576
	0.12

	40 PRB, 5 OS+DMRS
	2088
	0.44


Table 3: LLS assumptions for all schemes

	Parameters
	Values

	Carrier Frequency
	4 GHz

	Subcarrier Spacing for data
	15 kHz

	Modulation
	QPSK

	Channel Model
	TDL-C model

-
delay spread =300ns

-
UE speed=3km/h

	Blocking
	Probability that any of the 2 links is blocked is 5%

Blocking is modelled by a 10 dB power loss 

	BS antenna configurations
	2 TRP, 4Tx each TRP

	UE antenna configurations
	4Rx

	Transmission scheme
	Rank-1 or rank-2, CB based precoding

	UE receiver type
	MRC/LMMSE, practical channel estimation

	SFN-CDD (baseline)
	Rank-1 CB based precoding + small delay CDD
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Figure 9: Description of multi-TRP schemes 2a, 2b and SFN-CDD (baseline)
6.1.1 Comparison of schemes 2a, 2b and SFN-CDD (rank-1)
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Figure 10: TRP offset = 0 dB
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Figure 11: TRP offset = 3 dB
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Figure 12: TRP offset = 6 dB
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Figure 13: TRP offset = 10 dB


Observations: The performance of scheme 2a is better than scheme 2b for R=0.12, 0.44 for TRP offsets of 0 dB, 3 dB or 6 dB. In the case TRP offset is 10 dB, scheme 2b is better than scheme 2a for R=0.44. This is expected because generally scheme 2a performs better due to lower code-rate but in cases where one of the links is of very poor quality scheme 2b can benefit as one of the two redundancy versions can be decoded correctly. This is also observed in the following figure with blockage modelling. We also note that in cases with very disparate power from the TRPs where scheme 2b is beneficial, generally SFN-CDD outperforms scheme 2b by a significant margin. Overall, we also note that SFN-CDD is of similar or better performance compared to schemes 2a or 2b. Comparison of SFN with SFN-CDD performance is in the Appendix.
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Figure 14: Blockage, 10 dB with 5% each TRP
Observation -21: Scheme 2a is better than scheme 2b unless the TRP power difference is very high (a link failure occurs) and the target code-rate is moderate. In such cases SFN-CDD is significantly better than either schemes 2a or 2b. In general, SFN-CDD performs similar or better than schemes 2a/2b.
6.1.2 Comparison of rank-1 vs rank-2
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Figure 15: Comparison of rank-1 and rank-2 performance for scheme 2a
Observations: In Figure 16 we compare the performance of rank-1 and rank-2 transmission considering scheme 2a. The TBS is assumed to be the same in both cases. It can be observed that rank-1 performance is better in higher BLER regime due to no inter-layer interference and 3dB higher power in DMRS but as we approach 10^-4 to 10^-6 regime, rank-2 performance tends to be better. This is because for rank-2 transmission, the code diversity is more than rank-1 transmission due to lower code-rate leading to a steeper slope. However, an aspect of rank-2 transmission that is not reflected here is that it imparts rank-2 interference which leads to more interference at the cell-edge of neighbouring cells.

Observation -22: In order to achieve BLER performance at 10^-4 to 10^-6, higher rank (rank-2) transmissions may be beneficial for a given link, although performance at a system level may be negative (not evaluated here).
6.2 Scheme 2a based frequency selective DPS

To support frequency selective dynamic point selection (DPS) using Scheme 2a framework the resource allocation for TRP-0 and TRP-0 could be independent. Since resource allocation indication consumes large number of DCI bits, the RBG size could be reduced to maintain DCI payload size on a similar level. To evaluate the performance benefits of the frequency selective DPS, a system level simulations were carried out for a Heterogeneous network scenario with co-channel urban macro and outdoor small cell deployment with FTP traffic model 1.
Table 1: Performance of frequency selective DPS (non-overlapping resource allocations)

	Offered load (Mbps)
	Single TRP
	Non-frequency selective DPS/DPB
	Frequency selective DPS/DPB

	5 (( = 0.3 s-1)
	31.55 (0%)
	31.66 (+0.3%)
	32.09 (+2%)

	11.7 (( = 0.7 s-1)
	21.4 (0%)
	22.71 (+6%)
	23.02 (+7.6%)

	18.2 (( = 1.1 s-1)
	14.21 (0%)
	15.55 (+9.4%)
	16.12 (+13.4%)

	24.7 (( = 1.5 s-1)
	9.32 (0%)
	10.69 (+14.7%)
	11.29 (+21.1%)

	31 (( = 1.9 s-1)
	6.02 (0%)
	7.12 (+18.3%)
	7.56 (+25.6%)


It can be seen from the results in Table 1 that frequency selective DPS provide performance improvement over non frequency selective DPS supported by Rel-15.

Proposal-23: Consider independent resource allocation from different TRPs for scheme 2a. In order to reduce DCI overhead, RBG size could be increased.
6.3 Beam switching in FR2 for schemes 3 and 4
	Agreement

For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]

· FFS any restrictions/modification of supporting scheme 3/4 for FR2

· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 


In order to support schemes 3 and 4 in FR2 we can consider the following. In Figure 17 we show scheme 4, where the sequence of DCI-indicated beams (TCI-states) corresponding to the different repetitions are applied only after the beam-switching delay. In Figure 18 we show a combination of scheme 4 transmission followed by scheme 3 transmission.
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Figure 16: Scheme 4 where DCI-indicated beam switching is applied after the switching delay
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Figure 17: Scheme 4 transmission followed by scheme 3 transmission


Proposal-24: In order to support schemes 3 and 4 in FR2 consider 
· Application of DCI indicated beam-switch after the beam switching delay
· Scheme 4 transmission followed by scheme 3 transmission
7 Conclusions

Proposal-1: Mapping Type A + Type A NC-JT can be achieved with minimal UE impact and specification impact and could be considered as the baseline approach.
Proposal-2: Consider PDSCH processing time relaxation when there is partial overlap between PDSCHs or when there is different overlap between scheduling PDCCH and PDSCH between different NC-JT PDSCH being received by a UE. 

Proposal-3: Consider PRG grid alignment for NC-JT PDSCHs scheduled in the same slot in order to minimize impact to existing channel and interference estimation implementation

PDSCH rate-matching (multi-DCI):

· Proposal-4 (RateMatchPattern): No change to Rel-15 behaviour. Scheduled PDSCH follows rate match indicator (2 bits) from the scheduling DCI/TRP for non-overlapping, full or partially overlapping PDSCH
· Proposal-5 (SP/P NZP CSI-RS): No change to Rel-15 behaviour. Scheduled PDSCH from both TRPs is rate-matched around SP/P NZP CSI-RS (for non-overlapping, full or partially overlapping PDSCH)  
· Proposal-6 (SP/P ZP CSI-RS): Scheduled PDSCH from TRP-0/TRP-1 is rate matched around SP/P ZP CSI-RS from TRP-0/TRP-1 respectively. This can be achieved by associating a SP/P ZP CSI-RS to a CORESET group-id.
· Proposal-7 (lte-CRS-ToMatchAround): Consider configuration of two sets of RateMatchPatternLTE-CRS in order to allow multi-DCI operation to co-exist with two LTE cells. 

· Proposal-8 (lte-CRS-ToMatchAround): Scheduled PDSCH from TRP-0/TRP-1 is rate matched around RateMatchPatternLTE-CRS from TRP-0/TRP-1 respectively. This can be achieved by associating a RateMatchPatternLTE-CRS to a CORESET group-id.   
· Proposal-9 (CORESET): No change to Rel-15 behavior. Scheduled PDSCH from both TRPs is rate-matched around configured CORESETs (for non-overlapping, full or partially overlapping PDSCH) – this can be achieved by RateMatchPattern
· Proposal-10 (SSB): No change to Rel-15 behavior. SSBs from the other cell is considered by RateMatchPattern configuration
· Proposal-11 (Pre-emption): No change to Rel-15 behavior. A UE is expected to apply a detected pre-emption indication to all transmissions except SSB.
· Proposal-12 (AP ZP CSI-RS): No change to Rel-15 behaviour. Scheduled PDSCH from TRP-0/TRP-1 is rate matched around AP ZP CSI-RS from TRP-0/TRP-1 respectively by following the ZP CSI-RS trigger DCI field in the scheduling DCI.
· Proposal-13 (AP NZP CSI-RS): A UE is not expected to receive a AP NZP CSI-RS that is overlapping with a PDSCH. This may be achieved by no specification impact.
Proposal-14: For case of Type 2 DMRS and two activated TCI states, if 3 CDM groups are supported, consider an implicit mapping rule between the TCI states and the CDM groups e.g., the first and second CDM group correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state.

Proposal-15: For DMRS antenna port indication, consider the entries in Tables 1-4 in addition to the Rel-15 DMRS antenna port indication tables for single-DCI multi-TRP reception.
Proposal-16: Introduce signalling to group CORESETs across CCs into two groups. Signalling could be per CC and using MAC-CE

Proposal-17: Consider (similar to the downlink) a single PUCCH-Config for PUCCH resource configuration

Proposal-18: Consider PUCCH resource grouping where a subset of PUCCH resources from each group are TDM. Consider MAC-CE for explicit PUCCH resource group signalling.
Proposal-19: Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.

Proposal-20: For UCI multiplexing introduce the following scheduling restrictions:
· If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.

· If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed
Observation -21: Scheme 2a is better than scheme 2b unless the TRP power difference is very high (a link failure occurs) and the target code-rate is moderate. In such cases SFN-CDD is significantly better than either schemes 2a or 2b. In general, SFN-CDD performs similar or better than schemes 2a/2b.

Observation -22: In order to achieve BLER performance at 10^-4 to 10^-6, higher rank (rank-2) transmissions may be beneficial for a given link, although performance at a system level may be negative (not evaluated here).
Proposal-23: Consider independent resource allocation from different TRPs for scheme 2a. In order to reduce DCI overhead, RBG size could be increased.
Proposal-24: In order to support schemes 3 and 4 in FR2 consider 

· Application of DCI indicated beam-switch after the beam switching delay

· Scheme 4 transmission followed by scheme 3 transmission
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9 Appendix

 Comparison of SFN with SFN-CDD performance (rank-1):
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Figure 18: TRP offset = 0 dB
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Figure 19: TRP offset = 3 dB
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Figure 20: TRP offset = 6 dB
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Figure 21: TRP offset = 10 dB
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PUCCH resource group-1, 2 OS



_1618412255.unknown

TRP-0 PUCCH, scheduling restricted, large coverage
TRP-1 PUCCH, scheduling restricted, large coverage



TRP-0 PUCCH + TRP-1 PUCCH, no restrictions, small coverage
time
1ms



DCI
PDSCH-1
Beam/panel switch delay = 28 OS
1 slot
1 slot
t
PDSCH-2
PDSCH-3
PDSCH-4
1 slot
1 slot
TRP-1 beam
default beam
DMRS symbol
TRP-0 beam



DCI
PDSCH-1
Beam/panel switch delay=14OS
1 slot
1 slot
t
PDSCH-3
PDSCH-2
PDSCH-5
PDSCH-4
1 slot
TRP-1 beam
default beam
DMRS symbol
TRP-0 beam



CSI1+CSI2
CSI3+CSI4
slot
slot
CSI1
CSI2
CSI2
CSI3


TRP-1
TRP-2



DCI
DCI
NC- JT PDSCH
DCI
PDSCH
DCI
PDSCH
HARQ-ACK
PUCCH
PUCCH
TRP-1
TRP-2
slot
slot
slot
slot



UCI1+UCI2
UCI3 + UCI4
slot
slot
UCI1
UCI2
UCI4
UCI3


UCI1+UCI2+UCI3
slot


UCI3
UCI3
UCI3 + UCI4
TRP-1
TRP-2



slot
slot


PUSCH
PUSCH
PUCCH
PUSCH
PUSCH


Not OK, dropping rules needed
OK, dropping rules not needed
TRP-1
TRP-2



